Abstract Toxoplasma gondii is a zoonotic obligatory intracellular protozoan parasite with the capability to infect all warm-blooded animals. One of the great concerns is that it can lead to ovine abortion in sheep growing industry. Different diagnostic methods such as serology, pathology, immunohistochemistry, bioassay and molecular detection have been used in order to detect ovine abortion associated with T. gondii. In this case, an outbreak of congenital toxoplasmosis based on serological, macroscopic, pathological detection and isolation of T. gondii by bioassay is described and emphasized on the importance of this route of transmission that caused lamb losses and an increase in possible sources of infection for human and environment.
Introduction
Toxoplasma gondii is a zoonotic obligatory intracellular protozoan parasite with the capability to infect all warmblooded animals. It manifests itself as a disease of pregnancy by multiplying in the placenta and fetus. It was first described by Hartley et al. (1954) which even today is known as one of the major causes of sheep abortion world wide (Buxton 1991) . Another characteristic of vertical transmission of T. gondii is that this kind of transmission can occur more frequently than what was previously thought (Duncanson et al. 2001; Morely et al. 2005 Morely et al. , 2007 Hide et al. 2009; Innes et al. 2009; Dubey 2009 ).
Toxoplasma-induced ovine abortion has been linked to food or pasture contamination with sporulated oocysts (Plant et al. 1972) and associations have been made between exposure of sheep to T. gondii and the presence of cats in farms or the circulation of stray cats (Skjerve et al. 1998) .
Different diagnostic methods such as serology, pathology, immunohistochemistry, bioassay and molecular detection have been used for diagnosis of ovine abortion associated with T. gondii (Ortega-Mora et al. 2007 ). These methods have been brought to use based on their suitability for the due study and their capability of confirming the infection.
There are few reports of congenital toxoplasmosis outbreak all around the world but It has been reported that 7-32 % of ovine abortion outbreaks in New Zealand from 1973 to 1989 were caused by T. gondii with higher rates in 1980s (Gumbrell 1990; Orr 1989; Dubey 2009 ). This kind of outbreak has not been reported in Iran.
In this case, an outbreak of congenital toxoplasmosis based on serological, macroscopic, pathological detection and isolation of T. gondii by bioassay is described and emphasized on the importance of this route of transmission that caused lamb losses and an increase in possible sources of infection for human and environment.
Materials and methods

Flock description
The farm was located in a village in Chenaran, Khorasan Razavi province, Iran. Before the outbreak, the flock consisted of 250 sheep (240 ewes and 10 rams). The sheep were fed mainly by natural grazing. The farm was first visited in January 2011, just one month after the first abortion had occurred. During one month (from December 2010 to January 2011) 65 lambs were aborted, 12 lambs were born weak and 4 of them died 4 to 5 days after birth. Eight lambs were too weak and with motion disabilities. All aborted fetuses were aborted at late pregnancy period ([120 days). There had been no history of abortion in this flock before.
Sample collection
First four aborted fetuses were submitted to the Center of Excellence in Ruminant Abortion and Neonatal Mortality, School of Veterinary Medicine, Ferdowsi University of Mashhad, Iran in November 2010. The next samples consisted of live lambs, ewes and rams blood and the peritoneal or cervical fluid of dead lambs which were collected after the first visit (the first week of January, 2011) and the second visit (the forth week of January, 2011) to the farm.
General status of each fetus such as freshness, autolysis, mummification and presence of macroscopic lesions in fetus and fetal membranes were examined and recorded. To estimate the conceptual age of the fetuses, crown-rump length was measured (Evans and Sack 1973) .
Detection of abortion after macroscopic examination of aborted fetuses and the embryos that died after birth was done. Samples from brain, heart, spleen, liver, eye, lung, kidney and thoracic fluid (only from aborted fetuses) were collected. Those fetuses' tissues were divided into two portions, half of them were collected in aseptic way, which was then stored at -20°C for molecular analysis, and the other half were collected in 10 % formalin for pathological study. Furthermore, as a pilot study of the general status of Toxoplasma seroprevalence, serum of 18 sheep (10 ewes with abortion, 3 rams, 1 live lamb and 4 pregnant ewes) were collected at the first visit to the farm and the samples of remaining ewes and rams (232) were collected at the second visit or by the farmer.
Bloods, peritoneal and cervical fluids were collected in sterile tubes before submitting to the Center of Excellence in Ruminant Abortion and Neonatal Mortality. The most important problem was that the farm was too far from the Center, so the farmer couldn't transfer all samples immediately and most of them frosted or were not good for pathological study (65 samples) but the farmer was taught how to collect the fetal thoracic fluids of aborted fetuses in the first visit. The sera and fetal thoracic fluids were stored at -20°C to be assayed by the indirect fluorescent antibody test (IFAT).
IFAT on maternal sera and fetal thoracic fluid
The presence of Toxoplasma antibodies in maternal serum and fetal thoracic fluid was assessed by IFAT, cut-off titer 1:20, as previously described by Razmi et al. (2010) .
Histopathological examination
For the histopathological study, different sections of brain, liver, spleen, lung, heart, cotyledons or embryonic membranes (if existed) and kidney were trimmed and embedded in paraffin wax using routine procedures. From each block two Sects. 5 lm thick were cut, deparaffinized, rehydrated and stained with hematoxylin-eosin as described by Soleimani Rad (2009) and observed by light microscopy.
Bioassay
Isolation of T. gondii from aborted ovine fetuses, fetal membranes and placenta is best made by inoculation of laboratory mice. The best tissues for inoculation are fetal brain and placental cotyledons (Buxton 2008) . In this study only homogenization of four aborted ovine fetuses' brain (no placenta available) were done in an equal volume of normal saline with added antibiotics (100 international units (IU/ml) penicillin and 745 IU/ml streptomycin) in a blender. 0.5 ml of this mixture was inoculated to 5 Toxoplasma-free mice intraperitoneally. Two weeks after inoculation, their sera (collected by tail bleeding method) would be investigated by IFAT. If the results turned out to positive, they would be kept for 4-6 weeks more and then killed. The brains would be removed and examined by direct smear and Giemsa staining method for cyst detection.
Results
Sixty-nine out of 240 pregnant ewes (28.75 %) lost their fetuses or lambs in the flock during one month and all of them involved single lamb, 65 ewes aborted at late pregnancy ([120 days) and four of them did not abort but their lambs died 4-5 days after birth with a nervous dysfunction symptoms such as motion disabilities, convulsion and milk sucking problems. Abortion prevalence was estimated 23-34 % with 95 % confidence interval.
Macroscopic lesions
Brain congestion was dominant in 4 lambs that were born weak and died 4-5 days after birth. No gross lesions were seen in the aborted fetuses. There were 10 live lambs in the flock in the first visit showing weakness, gum congestion and motion disabilities, some of which may be a result of concurrent diseases such as vitamin E and selenium deficiency knowing the fact that the farm veterinarian had already prescribed Vitamin E and selenium supplement for the flock.
History and IFAT
Fifteen out of 18 samples taken at the first visit to the farm were positive, 2 ewes and 1 ram were negative. The remaining (226 samples of ewes, 7 samples of rams and 76 samples of aborted or alive lambs) were tested after the second visit. All of the IFAT results are shown in Tables 1  and 2 .
All of the 65 aborted fetuses had IFAT positive mothers. The 6 remaining positive maternal serology related to the lambs were born and took colostrums, so the serology in these cases could not confirm the congenital infection and subsequently more tests needed to be conducted.
There wasn't any similar disease in the village flocks in spite of using the same pastures in turn. In the history of this flock, there was a grazing very far from pasture in the central part of the Khorasan Razavi, where none of other flocks had ever been grazed.
Histopathology
Because of the long distance between the village and the Center of Excellence in Ruminant Abortion and Neonatal Mortality (as described above), long procedures and high expenses, histopathology was done on four samples which were the dead lambs of the flock. The results were as follows: in liver congestion and fibrosis (1 sample), congestion (2 samples), congestion and bile hyperemia (1 sample). In lung hyperemia (3 samples), PM (postmortem autolysis) (1 sample), aspiration pneumonia (1 sample). Heart normal. In kidney congestion and degenerative changes (1 sample), hemorrhage (1 sample), PM (2 samples), In the brain most of the findings were similar to what had been recorded in Rassouli et al. (2013) such as; severe hyperemia, hemorrhage, edema (2 samples, Figs. 1, 2), different ischemic cell change, myelin degeneration (1 sample) but T. gondii tissue cysts were observed in 2 brain samples for the first time in this outbreak case (Figs. 2, 3 ).
Bioassay
Two weeks after infected homogenate brains inoculation to mice, they were seropositive and cysts were seen after 8 weeks of inoculation by direct smear. 
Discussion
Toxoplasma gondii has been recognized as one of the main causes of infective ovine abortion in New Zealand, Australia, UK, Norway and USA (Dubey and Beattie 1988) and 10-20 % of fetal losses are associated with this parasite but occasionally even much higher rate of fetal losses are observed (Blewett and Watson 1983) . Clinical outbreaks associated with T. gondii typically occur in flocks in which Toxoplasma abortion has not been recorded in the recent past (Blewett and Watson 1983) . It has been reported that 7-32 % of ovine abortion outbreaks in New Zealand from 1973 to 1989 were caused by T. gondii with higher rates in 1980s (Orr 1989; Gumbrell 1990; Dubey 2009 ). Also recently the ovine abortion storm was reported in the United States of America by Edwards and Dubey (2013) .
If the infection occurs early in gestation, when the fetal immune system is relatively immature, fetal death is likely to occur. Infection at mid-gestation can result in birth of a stillborn or weak lamb which may have an accompanying small mummified fetus, whereas infection in later gestation may result in birth of a live, clinically normal, but infected lamb (Buxton 1990; Innes et al. 2009 ). We proposed that the occurrence of the disease (exposure to T. gondii), which took place in October 2010, was the reason of the death of the lambs 4-5 days after birth. The ewes which were in late gestation in this month, did give birth to their lambs but they died shortly after birth and the ewes which were in mid-gestation in this month, aborted their fetuses. So the first dead lamb was seen in November and the first abortion was witnessed in January.
Toxoplasmosis has been widely studied due to its importance to public health. There are a lot of unclear aspects of its congenital importance. According to the results of the recent researches in the UK, Toxoplasma vertical transmission can occur more frequently than what was previously thought (Duncanson et al. 2001; Morely et al. 2005 Morely et al. , 2007 Hide et al. 2009; Innes et al. 2009; Dubey 2009 ), but Edwards and Dubey (2013) reported that this problem is resolved in the involved flock after one year or two years. If this kind of abortion takes place, it needs to be dealt with either by taking prophylactic measures or culling infected sheep from the flock which is more economical.
Serological positivity in aborted lambs can confirm the cause of abortion but in live lambs, which took colostrum, other tests such as histopathology and bioassay should be conducted. In this flock, Because of the natural grazing, they were in the pasture all day especially during abortion. Unfortunately the placenta could not be found by shepherd in any of the cases and consequently there were no placental cotyledons at our disposal for further examination.
Sheep is a source of meat widely consumed by human beings and if infected can cause serious issue concerning public health problems. Abortion products are often eaten up by wild predators or domestic animals especially in extensive farming style in which grazing animals may remain out of control for a long time, so these products can not be seen and collected. This leads to the spread of the infection to the other parts of the pasture. Infected birds and rodents can be ingested by cats and leading to excretion of large numbers of environmentally resistant T. gondii oocysts and the T. gondii life cycle completion (Zedda et al. 2010) .
The ovine abortion estimated 23-34 % with 95 % confidence interval in this case has already caused $10,000 economical loss during one month. In this case, dead lambs, which carried viable T. gondii tissue cysts, being seen by histopathological procedures and multiplied in mice, served as the source of T. gondii infection for wildlife and domestic animals. Iranians are accustomed to eating well cooked meat but subclinically infected rams and ewes serve as a source of infection for human beings. If the meat, liver and brainmostly used products-of these infected animals are used undercooked or rarely raw, can be potentially infective for human and may lead to abortion in non-immune pregnant women.
